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Introduction 32

Dyslexia 33
Dyslexia is a developmental reading and spelling disorder with a complex genetic architecture 34 (Fisher and DeFries, 2002) . The cumulative incidence rate is high with 5-12% (Shaywitz SE et 35 al., 1990) . Dyslexia persists in 4-6% of adults (Schulte-Körne and Remschmidt, 2003) 36 disadvantaging employment, and compromising participation in daily life. Prevention requires 37 early sensitive screenings that need to assess several cognitive domains as well as multiple 38 senses because literacy acquisition evolves from the interplay between linguistic competencies, 39 attention, memory, audition, vision, and gaze-control (Mcanally and Stein, 1996 
Dyslexia and the auditory system 54
The majority of individuals with dyslexia have phonological impairments (Bradley and Bryant, 55 1983; Wagner and Torgesen, 1987; Heim and Grande, 2012; Saksida et al., 2016) , and, thus, 56 struggle with the sound structure (Shovman and Ahissar, 2006) . In addition, phonologicalawareness is deficient in individuals with dyslexia (Bruck, 1992) . Phonological awareness is the 58 awareness of and the access to the phonology of one's language (Mattingley 1984; Wagner and 59 Torgesen 1987) as reflected in the ability to substitute the initial sound of a word (e.g. bee -tee, 60 sound -round). Accumulating evidence links these phonological difficulties and poor reading to 61 auditory processing disorders (Goswami, 2011; Tallal, 2012) . Poor psychoacoustic performance 62 of individuals with dyslexia has been shown for various perceptive tasks, such as auditory 63 discrimination (duration, frequency, or rise time) and detection of auditory modulation (amplitude 64 or frequency)( for a comprehensive review see (Hämäläinen et al., 2013) . This inaccurate 65 auditory is conjointly mirrored in irregular physiological correlates to speech and non-speech 66 stimuli throughout the central auditory system (Kraus et al., 1996; Chandrasekaran et al., 2009; 67 Schulte-Körne and Bruder, 2010; Díaz et al., 2012) . 68
The current study links poor literacy to scalp-recorded brainstem responses and hereby to very 69 early neural processes in the auditory pathway (Mcanally and Stein, 1996 (cABRs) to speech or music stimuli reflect phase-locked activity of lower structures of the central 72 auditory pathway, primarily the inferior colliculus, lateral lemniscus, and cochlear nucleus (Smith 73 et al., 1975; Glaser et al., 1976; Sohmer et al., 1977; Skoe and Kraus, 2010; Bidelman, 2015) . 74
These cABRs reflect the synchronous firing of neurons to stimulus-related periodicities (Marsh et 75 al., 1975) . Peak latencies of these responses possibly encode fast transients of speech sounds 76 (Johnson et al., 2008; Bidelman and Krishnan, 2010) . Accordingly, cABRs capture the temporal 77 precision of firing neurons in the auditory midbrain signaling high-fidelity and stability of early 78 auditory encoding (Skoe and Kraus, 2010 
Methods 129
Participants 130
Sixty four native-German speaking children aged 11.4 to 13.8 (37 males) were recruited through 131 the GLAD database (Friedrich and Friederici, 2004 where actual physical stimuli are similar ( Fig. 1 right lower between mean literacy and delta cross-phase. Finally, a regression commonality analysis was 243 calculated in order to separate the contribution of the main predictors of literacy (Nimon, 2010) . 244
In order to determine the receiver operating characteristic (ROC) curve, children were assigned 245 to one of two groups with regard to literacy proficiency. Poor literacy (Lit -) was assigned given an 246 averaged percentile rank <25 across all standardized literacy tests, considering reading 247 comprehension, reading speed and spelling. Good literacy (Lit + ) was assigned given an 248 averaged percentile rank >25. Using a percentile rank of 25 as cutoff criterion is in accordance 249 with the norms of the used tests (i.e., DERET, LGVT), defining average/above-average 250 performance by a percentile rank above 25 and below-average performance by a percentile rank 251 below 25 (Schneider et al., 2007; Stock and Schneider, 2008) . In one case information on 252 performance in spelling was missing and averaged percentile rank resulted from reading 253 comprehension and reading speed only. 254
The combination of both, reading skills and spelling skills gave a robust estimate of literacy over 255 time, and, thus, ensured that the sample of cases included participants who continuously 256 struggled with literacy. Altogether, 13 children were assigned to the Lit -group (aged 12.1 to 13.8 257 years, 11 males) and 49 children were assigned to the Lit + group (aged 11.4 to 13.6 years, 27 258 males). (Fig. 2A, r = 0 .436, p < 0.001), phonological awareness (Fig.  295 2B, r = 0.525, p < 0.001), nonverbal intelligence (Fig. 2C, r = 0 .327, p = 0.01), and parental 296 education (Fig. 2D , r = 0.366, p = 0.003). Delta cross-phase was in addition positively correlated 297 with phonological awareness (Fig. 2E , r = 0.325, p = 0.01) and girls showed a higher delta 298 cross-phase compared to boys (Fig. 2F , r = 0.266, p = 0.036). Phonological awareness was 299 positively correlated with parental education (Fig. 2G , r = 0.312, p = 0.014), and nonverbal 300 intelligence (Fig. 2H , r = 0.388, p = 0.002). A correlation matrix illustrates all linear correlations 301 (Fig 2I) . 302
Because predictors, in particular phonological awareness and delta cross-phase, were 303 correlated with literacy as well as with each other we decomposed the variance of R² into unique 304 and common/shared effects ( Table 2 ). The total variance explained by phonological awareness 305 was 27.5 % while the total variance explained by delta cross-phase was 19 %. Of most interest 306 was the minimum explanatory power of phonological awareness and delta cross-phase on 307 literacy, because this shows the variance explained uniquely by the physiological or behavioral 308 variable. 6.6% variance was uniquely accounted for by phonological awareness while 5.2% 309 variance was uniquely accounted for by the delta cross-phase as indicated by part correlations. 310
The additional common variance explained by phonological awareness and delta cross-phase 311 was 3.8 %. A further partial correlation between literacy and delta cross-phase was r = 0.289, 312 p(54) = 0.031, when controlling for phonological awareness, intelligence, parental education, 313 sex, familial risk, and age. A partial correlation between phonological awareness and deltacross-phase was r = 0.245, p(55) = 0.066 when controlling for intelligence, parental education, 315 sex, familial risk and age. 316 317
Assignment to poor literacy group and group statistics 318
Receiver operating characteristic (ROC) analysis is a common tool in clinical research to 319 express the diagnostic accuracy of e.g. a physiological measure (Eng, 2005 phonemes and graphemes (Liberman et al., 1990) . To acquire reading and spelling, phonemes 380 need to be identified and translated to graphemes and vice versa. Thereby, phonological 381 awareness and literacy acquisition mutually influence each other (Bentin and Leshem, 1993) . 382
The emergence of phonological awareness requires a previously developed sensitivity to 383 phonology and thus is closely linked to phonological skills. It has been suggested that individuals 384 with reading disorders struggle with phonological processes, which might be caused by 385 underspecified phonological representations (Wagner and Torgesen, 1987) , a deficient access 386 to phonetic representations (Ramus and Ahissar, 2012; Boets et al., 2013) , or by a failure to 387 establish phoneme categories (Noordenbos et al., 2013) . Further views suggest that the 388 phonological deficit is based on impaired oscillatory phase locking for low frequency temporal 389 coding in auditory cortex (Goswami, 2011 ), or that a decreased sensitivity to rapidly changing 390 phonological features could drive the impoverished distinction between speech sounds (Tallal, phonological processing, and its impairment in reading disorders, remain a subject of debate. 393
Studies of the neural coding of phonemes throughout the auditory pathway, like the present 394 work, are necessary to determine underlying mechanisms. 395 396
Delta cross-phase 397
Phonological awareness was also related to the physiological discrimination of stop consonants. 398
Children with poor phonological awareness skills showed small phase shifts, and, thus, a 399 diminished neural discrimination of sounds, whereas children with good phonological awareness 400 had a superior neural discrimination. The same relationship has been previously reported for 401 pre-school children (White-Schwoch and Kraus, 2013). The authors discussed that these 402 children were preliterate and that it remains to be shown whether children with weak 403 phonological awareness and weak subcortical differentiation of consonants will struggle with 404 literacy acquisition or whether a normalization of the physiological differentiation of sounds due 405 to maturation will facilitate reading outcome. Here, we show that children with a reading disorder Together, these modifications are likely to improve our ability to characterize the physiological 498 grounding of phonological deficits in children with reading disorders. Moreover, the strong 499 correlation between literacy and the physiological discrimination of stop consonants in the 500 auditory brainstem makes this approach to a likely potential complement of early behavioral 501 assessments. A potential next step could be to evaluate the method in a clinical study that 502 includes cases with a formal diagnosis of dyslexia. Further work that incorporates this paradigm 503 may also produce a viable neurophysiologic marker for subtyping these children in conjunction 504 with genetic and behavioral analyses. 505 506
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